An experiment was conducted to determine the interaction between fat source and xylanase supplementation on the performance, utilisation of energy and fat, and caecal microbiota counts in broiler starters fed wheat-based diets. The experimental design was 2×2 factorial arrangement of treatments, which included two fat sources (60 g/kg soybean oil or tallow) and two levels of enzyme supplementation (without or with exogenous xylanase). Irrespective of the fat source, xylanase supplementation increased (P＜0.01) the weight gain and lowered (P＜0.01) the feed per gain. Birds fed diets with soybean oil diets had higher (P＜0.001) weight gain, fat retention and fat digestibility, and lower feed per gain compared to those fed tallow supplemented diets. Feed intake was not affected (P＞0.05) by dietary treatments. Xylanase addition improved (P＜0.01) the apparent metabolisable energy in diets containing either fat source, but the effect was more pronounced in birds fed the diet containing tallow. The number of Lactobacillus spp. was lowered (P＜0.05) by enzyme supplementation in birds fed tallow diets, but unaffected (P＞0.05) in those fed soybeans oil diets. The number of Clostridium spp. was found to be higher (P＜0.01) in birds fed enzymesupplemented diets. Overall, under the conditions of the present study, the addition of xylanase improved the growth and feed efficiency of broiler starters and the responses were not influenced by the fat source.
Introduction
Current broiler strains require high daily energy intake to achieve their rapid growth potential and this often necessitates the dietary inclusion of lipids (fats and oils), which contain at least twice the available energy value as those of carbohydrates and protein (NRC, 1994) . Animal fats and vegetable oils are widely used in poultry diets to increase the energy concentration. It is known that the utilisation of lipids by poultry is influenced by the characteristics of lipids (Renner and Hill, 1961) . Soybean oil consists of high proportions of unsaturated fatty acids and is better utilised by poultry, whereas tallow contains long chain saturated fatty acids, which are nonpolar and difficult to digest and absorb (Krogdahl, 1985) .
Wheat-based poultry diets are nowadays routinely supplemented with exogenous xylanases to overcome the problem of high digesta viscosity and, to improve nutrient digestion and bird performance (Adeola and Cowieson, 2011; Ravindran and Son, 2011) . There is some evidence (Langhout et al., 1997; Danicke et al., 1999a; Preston et al., 2001 ) that the effect of supplemental enzyme in wheat-based diets is influenced by the type of fat. The effect of supplemental enzymes on bird performance was found to be greater in diets supplemented with animal fats compared to those with vegetable oils. The influence of enzyme supplementation on gut microbiota profile has been reported in several studies (Bedford and Cowieson, 2012) , but there is no information available on the possible interaction between enzyme supplementation and fat source on the gut microbiota of birds fed wheat-based diets. The effects of dietary fat source and xylanase supplementation to rye-based broiler diets on selected tissue-associated bacterial groups (entero-bacteria, gram positive cocci, entero-cocci and total anaerobes) has been reported by Danicke et al. (1999b) .
The aims of the present study were to investigate the influence of fat source (tallow and soybean oil) and xylanase supplementation on the performance, apparent metabolisable energy (AME), total tract retention and ileal digestibility of fat, and caecal microbiota counts in young broiler chickens fed wheat-based diets.
Materials and Methods

Birds and Housing
Experimental procedures were conducted in accordance with the Massey University Animal Ethics Committee guidelines. Day-old male broilers (Ross 308) were obtained from a commercial hatchery, individually weighed and allocated on the basis of body weight to 24 cages (8 birds per cage) in electrically heated battery brooders. On day 12, birds were transferred to grower cages. Battery brooders and grower cages were housed in environmentally controlled rooms with 20 hours of fluorescent illumination per day. The temperature was maintained at 31℃ on d 1, and was gradually reduced to 22℃ by 21 day of age. Diets, in mash form, were offered ad libitum from day 1 to 21 post hatch. Water was freely available at all times.
Diets
Two wheat-based diets, supplemented with either 60 g/kg tallow or soybean oil, were formulated (Table 1) to meet the Ross 308 strain recommendations for major nutrients for broiler starters (Ross, 2007) . Both diets were formulated to be isocaloric and isonitrogenous. Following mixing, each formulated diet was divided into two equal batches and an exogenous xylanase (Avizyme 1300, Danisco Animal Nutrition, Marlborough, UK) was added to one batch, while no enzyme was added to the other batch. The enzyme was added at the rate of 1 g/ kg diet. The enzyme activities per gram of enzyme preparation as provided by the manufac- (EC 3.4.21.62 ) derived from Bacillus subtilis. One xylanase unit is defined as the amount of enzyme that liberates 0.5 μmol of reducing sugar (expressed as xylose equivalents) from a cross-linked oat spelt xylan substrate per minute at pH 5.3 and 50℃. The calculated differences in the AME between diets containing tallow and soybean oil were overcome by the inclusion of cellulose, sand and maize starch (Table 1) .
Performance Data
Body weights and feed intake were recorded on cage basis at weekly intervals. Mortality was recorded daily and feed per unit gain values were corrected for the body weight of any bird that died during the course of the experiment.
AME and Total Tract Fat Retention
Total collection of excreta was carried out between days 17-20 post-hatch for the determination of AME. Feed intake and total excreta output of each cage were recorded during these four days. Daily excreta collections from each cage were pooled, mixed well in a blender, sub-sampled and lyophilised. Dried excreta samples were then ground to pass through 0.5 mm sieve and stored in airtight plastic containers at −4℃ pending analysis. The diet and excreta samples were analysed for dry matter (DM), fat and gross energy (GE).
Coefficient of Ileal Fat Digestibility Determination
On day 21, four birds per replicate cage were euthanised by intravenous injection of sodium pentobarbitone (Provet NZ Pty Ltd., Auckland, New Zealand) and digesta were collected from the lower half of the ileum, as described by Ravindran et al. (2005) . Digesta from birds within a cage were pooled, lyophilised, ground to pass through a 0.5 mm screen size, and stored at −4℃ in airtight containers until laboratory analysis. The diets and digesta samples were analysed for DM, titanium (Ti) and fat.
Determination of Microbiota
On day 21, two more birds per replicate cage from the four wheat-based treatments were euthanised by intravenous injection of sodium pentobarbitone. Caeca were carefully excised and digesta were collected for the determination of Lactobacillus, Bifidobacterium, Clostridium and Bacteroides spp. by fluorescent in situ hybridisation (FISH) following the procedures described by Molan et al. (2009) .
Chemical Analysis
Dry matter content was determined using standard procedures (method 930.15; AOAC, 2005) . Gross energy was determined by adiabatic bomb calorimeter (Gallenkamp Autobomb, London, UK) standardised with benzoic acid. Fat content was determined by the Mojonnier method (method 954.02; AOAC, 2005) . Fatty acid composition was determined following the procedure reported by Sukhija and Palmquist (1988) . Titanium dioxide was determined following the procedures of Short et al. (1996) . All analyses were carried out in triplicate.
Calculations
The AME was calculated using the following formula with appropriate corrections made for differences in DM content.
Total tract retention coefficients of fat were calculated as follows:
Total tract fat retention coefficient ＝(Feed intake x Fat diet )−(Excreta output x Fat excreta ) (Feed intake x Fat diet )
Apparent ileal fat digestibility coefficients were calculated using the following formula:
Where (Fat/Ti)d＝ratio of fat to Ti in the diet, and (Fat/Ti)i＝ratio of fat to Ti in the ileal digesta.
Data Analysis
Data were analysed as a two-way factorial arrangement of treatments to determine the main effects (fat source and supplemental xylanase) and their interaction using the General Linear Models procedure of SAS (SAS Institute Inc., Cary, NC, USA). Differences were considered to be significant at P＜0.05 and significant differences between means were separated by the Least Significant Difference test.
Results
Fatty acid composition and fatty acid profile of tallow and soybean oil used in the experiment are presented in Table 2 . The unsaturated to saturated fatty acid ratio of soybean oil and tallow were 4.76 and 0.63, respectively. Linoleic and oleic acids were the major unsaturated fatty acids in soybean oil, whereas oleic acid was the major unsaturated fatty acid in tallow. Tallow contained higher concentrations of palmitic and stearic acids compared to soybean oil. Performance Mortality during the experiment was negligible. Only four out of the 192 birds died and the deaths were not related to any specific treatment.
The main effects of fat source (P＜0.001) and supplemental xylanase (P＜0.01) were significant for weight gain (Table 3) . Weight gain was higher in soybean oil supplemented diets compared to those supplemented with tallow. Birds fed diets supplemented with xylanase showed higher weight gain than those without xylanase. There was no interaction (P＞0.05) between fat source and xylanase supplementation for weight gain. Neither the main effects nor the interaction between fat source x xylanase was significant (P ＞0.05) for feed intake.
The main effects of fat source (P＜0.001) and supplemental xylanase (P＜0.01) were significant for feed per gain. Birds fed soybean oil supplemented diets had lower feed per gain compared to those fed tallow supplemented diets. 
AME and, Total Tract Retention and Ileal Digestibility of Fat
An interaction (P＜0.01) between the fat source and xylanase was observed for the AME (Table 4) . In soybean oil supplemented diets, AME was not affected by xylanase, whereas xylanase addition resulted in higher AME in tallow supplemented diets.
The main effect of fat source was significant (P＜0.001) for fat retention. Birds fed soybean oil supplemented diets retained more (P＜0.001) fat compared to those fed tallow supplemented diets. However, there was also a tendency (P ＝0.06) for fat source x xylanase interaction. In soybean oil supplemented diets, xylanase tended to improve the retention, whereas no effect was observed in tallow supplemented diets,.
The main effect of fat source was significant (P＜0.001) for apparent ileal fat digestibility. Birds fed soybean oil supplemented diets had higher ileal fat digestibility than those fed tallow supplemented diets. Neither the main effect of xylanase nor the interaction between fat source and xylanase was significant (P＞0.05) for fat digestibility.
Caecal Microbiota Counts
The influence of fat source and xylanase on the counts of selected bacterial species in the caecal contents is summarised in Table 5 . A fat source x xylanase interaction (P＜ 0.01) was observed for Lactobacillus spp. In the absence of xylanase, there were significantly more Lactobacilli in the tallow based diet but in the presence of the enzyme this difference was eliminated, whereas no effect was observed in soybean oil diets.
Xylanase supplementation influenced (P＜0.01) the numbers of Clostridium spp., with numbers being greater in birds fed xylanase-supplemented diets. Neither the main effect of fat source nor the interaction between fat source and xylanase was significant (P＞0.05) for the numbers of Clostridium spp.
The numbers of Bifidobacterium and Bacteroides spp. were not affected (P＞0.05) by dietary treatments.
Discussion
Xylanase supplementation to wheat-based diets improved the weight gain and feed efficiency of broiler starters. These results are as expected and consistent with previous findings (Annison and Choct, 1991; Adeola and Cowieson, 2011) . The mechanism(s) by which exogenous xylanases enhance nutrient digestion and utilisation in wheat-based diets are not clearly understood, but disruption of endosperm cell wall integrity, breakdown of the highly viscous high-molecular weight non-starch polysaccharides (NSP) and reduction in digesta viscosity are thought to be the major underlying factors involved. It has been suggested that the viscous NSP interfere with the rate of diffusion of and/or act as a physical barrier between substrates, enzymes and digestion endproducts (Smits and Annison, 1996) .
Tallow and soybean oil are commonly used as sources of dietary lipids in poultry diets to increase the energy concentration. It is recognised that the characteristics of lipids such as degree of saturation influence the digestion and absorption of fats (Renner and Hill, 1961) . Soybean oil is better utilised by poultry due to their high contents of unsaturated fatty acids, whereas tallow contains long chain saturated fatty acids, which are nonpolar and difficult to digest and absorb (Krogdahl, 1985) . Some reports suggest that high concentrations of NSP in wheat influence the digestion and absorption of lipids in poultry, and that this effect is more evident when animal fats are used as the lipid source (Smulikowska and Mieczkowska, 1996; Danicke et al., 1997 Danicke et al., , 1999a Preston et al., 2001 ). In the current work, therefore, the hypothesis that the influence of exogenous xylanase on bird performance and nutrient utilisation will be more pronounced in tallow-supplemented wheat-based diets compared to those supplemented with soybean oil was tested. The results, however, showed that this was not the case. Supplemental xylanase improved broiler performance, irrespective of the source of fat, and had no effect on the utilisation of fat. No interaction was observed between fat source and xylanase supplementation for tested parameters. The discrepancy between the current work and previous studies is difficult to explain, but may be related, in part, to the quality of wheat and/or tallow used. Intestinal viscosity, however, was not measured in the present study and it is not possible to confirm the wheat quality. The finding that xylanase addition did not influence fat digestion suggests that viscosity was likely to be low. The effect of the xylanase on weight gain and particularly feed per gain was somewhat low compared with other studies where tallow and soy oil have been compared (Smulikowska and Mieczkowska, 1996; Danicke et al., 1997) . A possible reason for this low response may lie in the use of mash diets, instead of pelleted diets. Pelleting is known to not only denature endogenous xylanase activity but also to increase the solubility of arabinoxylans, rendering the diet more viscous (Abdollahi et al., 2012) .
The only exception was the AME, which was increased by xylanase supplementation in tallow-supplemented diets, but not in soybean oil-supplemented diets. Somewhat similar finding was reported by Langhout et al. (1997) who found that birds fed wheat-based diets containing animal fats supplemented with an endo-xylanase showed greater improvement in the AME than those fed soybean oil supplemented with enzyme. The lack of enzyme effect on the AME of soybean oil-supplemented diets may be attributed to the fact that soybean oil contains high amounts of unsaturated fatty acids which have been shown to be well digested even in high viscous chyme conditions.
The viscous intestinal environment and, the resultant slower rate of feed passage and presence of significant amounts of undigested materials in the intestine of birds fed wheat-based diets are likely lead to the proliferation of less desirable microbiota in the small intestine (Bedford and Cowieson, 2012) . By fermenting and utilising undigested carbohydrates and protein, the microbiota compete effectively with the host for nutrients and this may contribute, Journal of Poultry Science, 51 (2) AME at least in part, to the adverse effects of wheat pentosans (Choct, 2006) . Part of the beneficial effects of xylanase supplementation on bird performance has been attributed to modifying the gut microbiota profile towards desirable species such as Lactobacillus (Bedford and Cowieson, 2012) . Saturated fatty acids, present in high concentrations, in tallow require more emulsification and poorly digested (Krogdahl, 1985) . For these reasons, when combined with viscous soluble NSP in wheat-based diets, tallow may be expected to result in higher digesta viscosity compared to soybean oil and this may lead to the proliferation of gut microbiota. Greater effect of ileal digesta viscosity with more saturated fat sources has been demonstrated by Preston et al. (2001) . The addition of xylanase, on the other hand, may be expected to diminish the combined negative effects of saturated fats and wheat NSP, leading to changes towards desirable bacteria such as Lactobacillus compared to tallow diets without xylanase. In the present study, however, supplemental xylanase was found to decrease the counts of Lactobacillus spp. in birds fed tallow diets, but had no effect in those fed soybean oil diets. Contrary to the expectations, xylanase resulted in increased numbers of Clostridium in birds fed diets with both fat sources. The present results are in contrast with those of Nian et al. (2011) who reported that birds fed soybean oil diets supplemented with xylanase had higher caecal counts of Lactobacillus than those fed diets without xylanase. Choct et al. (2004) also reported that xylanase supplementation of wheat-based diets reduced the numbers of Clostridium perfingens in caecal contents. The discrepancy between these studies and the current work may be explained by differences in the methods employed to determine the bacterial counts. Conventional culture method was used to determine the microbiota counts in these two studies, whereas the FISH method, which uses fluorescent probes to bind parts of the chromosome to detect bacteria, was used in the current study. The probes used in this method measured the genus of the bacteria, whereas the above-mentioned studies have focussed on specific bacterial species. The absence of more detailed analysis of the genus members is a limitation of the FISH method.
The present data showed that xylanase increased the number of Clostridium, but it must be noted that not all Clostridium strains are detrimental to the bird. Rather, most Clostridium strains are commensal and only a narrow range of Clostridium is pathogenic. It should be also noted that the increasing Clostridium numbers in the present study did not have any negative effect on the performance of broilers.
It has been well documented that the counts and composition of the intestinal microbial community is influenced by a number of factors, including intestinal site of determination (ileum vs. caeca), sample type (tissue vs. lumen) and the methodology (Bjerrum et al., 2006) . The potential benefits of added xylanase on microbiota will be clearly different in different segments of the intestinal tract and should be recognised. Response in the ileal phase is likely a reflection of improved proximal digestion which removes nutrients from the ileum and thus tending to reduce the rate of ileal fermentation and bacterial numbers. The caecal phase, which was evaluated in the current work, is a result of the enzyme providing xylo-oligomers which are used as a fermentation source, resulting in increased caecal fermentation driven by xylo-oligomer utilisers.
The numbers of bacteria determined in the current study are lower than those reported in other studies. For example, using polymerase chain reaction (PCR), Bjerrum et al. (2006) determined caecal Lactobacilli counts to be in the region of 10 9 , compared to the 10 7 -10 8 determined in the current work. It is possible that the FISH method may be not sensitive enough to detect minor bacterial groups. Moreno et al. (2001) evaluated the use of PCR and FISH techniques for the detection of thermotolerant campylobacters in naturally contaminated chicken products and reported that the FISH was less sensitive than PCR.
Overall, the present data suggest that addition of xylanase improved growth rate and feed efficiency of broiler starters and that these responses are not influenced by the fat source. Fat source x xylanase interaction was significant for the AME and the counts of Lactobacillus spp with beneficial effects of xylanase being observed in birds fed tallow-supplemented diets, but not in those fed soybean oil supplemented diets.
